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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC)  UNITS  OF  MEASUREMENTS 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 


(metric)  units  as  follows: 

Multiply 

By 

To  Obtain 

acre-feet 

1,233.489 

cubic  metres 

cubic  feet 

0.02831685 

cubic  metres 

feet 

0.3048 

metres 

gallons 

3.785412 

cubic  decimetres 

square  feet 

0.09290304 

square  metres 
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EFFECTS  OF  SURFACE  WATER  WITHDRAWAL  ON  FISHES  IN  RIVERS  OF  NORTHEAST  LOUISIANA 


PART  1 :  INTRODUCTION 


Background  and  Purpose 

*1 

1.  Surface  water  demands  are  rapidly  increasing  in  northeast  Louisiana 
for  irrigation  and  commercial  fish  farming  and,  to  a  lesser  extent,  for  indus¬ 
trial  and  municipal  purposes  (Henning  1985) .  Because  a  diverse  fish  community 
inhabits  the  numerous  streams,  bayous,  and  rivers  in  northeast  Louisiana 
(Douglas  1974),  an  increase  in  surface  water  demand  will  result  in  competition 
for  available  water  supplies  between  human  consumption  and  aquatic  habitat. 
Water  is  required  for  crop  irrigation  and  commercial  fish  farming  throughout 
the  summer  and  early  fall  months  (Henning  1985)  when  stream  levels  are  low. 
Therefore,  reduction  in  water  levels  from  surface  water  withdrawal  may  affect 
the  spatial  requirements  of  fishes  for  foraging,  spawning,  and  predator  avoid¬ 
ance  (Fraser  1972,  Petts  1984),  leading  to  a  decrease  in  their  condition  and 
abundance . 

2.  The  purpose  of  this  study  was  to  determine  the  effects  of  surface 

water  withdrawal  on  fishes  in  northeast  Louisiana  during  the  summer  and  early 
fall  months,  as  part  of  a  water  supply  study  of  the  Boeuf  River,  Tensas  River, 
and  Bayou  Bartholomew  basins.  The  objectives  of  this  report  were  to  evaluate 
changes  in  fish  abundance  resulting  from  various  future  water  demand  scenarios 
developed  by  Henning  (1985),  determine  important  physical  and  chemical  vari¬ 
ables  that  may  limit  fish  abundance,  and  document  the  fish  community  structure 
that  currently  exists  in  the  study  area.  ^ 

Description  of  Study  Area 

3.  This  study  focused  only  on  relatively  small  rivers  in  northeast 
Louisiana  that  were  bordered  by  irrigated,  agricultural  land.  These  included 
the  Boeuf  River,  Tensas  River,  Bayou  Macon,  Big  Creek,  and  Bayou  Bartholomew. 
These  rivers  have  undergone  extensive  water  resource  development  in  the  form 
of  channelization,  single-purpose  dams,  and  various  types  of  weirs,  dikes, 
jettys,  and  outlet  structures.  Rivers  in  the  study  area  are  usually  non¬ 
flowing  during  the  summer  and  early  fall  as  the  result  of  low  water  or 
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backwater  effects  from  dams,  diversions,  logjams,  and  larger  rivers  (Black  and 
Ouachita  Rivers).  However,  measurable  discharge  does  occur  immediately  below 
some  larger  dams  (e.g.,  Gumby  Dam  on  the  Tensas  River)  and  other  outlet  struc¬ 
tures.  The  substrate  is  composed  of  clay  and  sand.  An  exception  is  the  Bayou 
Bartholomew,  where  gravel  riffles  still  exist  and  flowing  water  occurs  year- 
round.  Trees  commonly  fall  into  the  rivers  and  provide  the  only  substantial 
instream  cover  available  to  the  fishes. 

4.  Although  removal  of  water  from  rivers  should  have  no  substantial 
effect  on  water  levels  in  the  immediate  vicinity  of  the  pumps  because  of 
inflow  from  upstream  or  downstream  sources,  the  numerous  low-water  dams,  log¬ 
jams,  and  diversions  that  occur  throughout  the  study  area  prevent  a  free- 
flowing  exchange  of  water  from  the  headwaters  to  the  mouth  during  the  summer 
and  fall.  For  example,  rock  dams  are  commonly  placed  below  a  water  intake  to 
form  a  pool  and  ensure  an  adequate  water  supply  during  low-water  periods. 
Consequently,  surface  water  withdrawal  should  result  in  a  decrease  in  water 
volume  near  the  vicinity  of  the  intake  structure.  The  dams  and  diversions 
also  make  it  difficult  to  establish  a  reliable  stage-discharge  relationship 
for  gaging  stations  in  the  study  area  in  order  to  apply  hydraulic  models  for 
predicting  changes  in  discharge  over  time.*  Although  stage  height  fluctuates 
throughout  the  summer  and  fall,  it  generally  results  from  backwater  effects 
after  rainfall  and  continuous  surface  water  withdrawal  for  irrigation.*  This 
is  particularly  pronounced  in  the  upper  reaches  of  the  Boeuf  River,  which 
becomes  virtually  dewatered  as  a  result  of  surface  water  withdrawal. 


>roach  and  Assumptions 


5.  A  threefold  approach  was  used  in  this  study  and  incorporated  both 
abiotic  and  biotic  variables  to  predict  impacts  of  surface  water  withdrawal  on 
fishes,  identify  potential  limiting  factors  on  fish  abundance,  and  classify 
streams  according  to  the  quality  of  the  fish  community  structure.  First, 
impacts  of  future  water  demands  on  fish  abundance  were  determined  according  to 
a  relationship  between  water  volume  and  number  of  fish.  Second,  the 


*  Personal  communication,  July  1987,  Robert  Valsworth,  l'S  Geological  Service, 
Ruston,  La.,  and  Tommy  Reynolds,  US  Army  Engineer  District,  Vicksburg, 
Vicksburg  Miss. 


importance  of  other  physical  and  water  quality  variables  on  fish  abundance  was 
evaluated  using  multiple  regression  techniques.  Third,  species  and  trophic 
compositions  of  the  fish  community  structure  were  compared  between  rivers  in 
the  study  area  to  identify  ecologically  significant  river  reaches. 


Relationship  between 

water  volume  and  fish  abundance 


6.  The  lack  of  reliable  stage-discharge  relationships  at  the  various 
gaging  stations,  the  influence  of  the  numerous  dams,  diversions,  and  water 
intakes  on  the  flow  regime,  and  the  size  of  the  study  area  (approximately  700 
river  miles)  prevented  the  utilization  of  established  water  quality  and 
hydraulic  models  in  the  impact  assessment  process.  Consequently,  the  mean 
number  of  fish  per  unit  volume  of  water  was  calculated  based  upon  field  data 
collected  throughout  the  study  area  and  multiplied  by  future  changes  in  water 
volume  according  to  Henning's  (1985)  water  demand  report.  It  was  assumed  that 
the  magnitude  of  declines  in  fish  abundance  from  future  surface  water  with¬ 
drawal  could  be  estimated  from  an  existing  mean  number  of  fishes  per  unit  vol¬ 
ume  of  water.  Validation  of  this  assumption  could  be  made  by  monitoring  fish 
populations  under  actual  withdrawal  conditions.  In  addition,  it  was  assumed 
that  water  removed  from  specific  river  reaches  would  not  be  replaced  from 
other  instream  sources  because  of  the  influence  of  dams,  diversions,  and  other 
structures  and  that  long-term  reductions  in  water  levels  would  occur.  Short¬ 
term  fluctuations  In  water  levels  might  only  displace  fishes,  followed  by 
recovery  of  stream  volume  and  habitat  quality.  Conversely,  long-term  declines 
in  water  levels  over  several  months  could  decrease  fish  abundance  due  to  an 
overall  reduction  of  usable  stream  habitat.  Since  water  demands  for  irriga¬ 
tion  and  commercial  fish  farming  occur  from  May  through  October  (Henning 
1985),  long-term  reductions  in  water  levels  will  likely  occur  if  surface  water 
tz  used. 

7.  The  primary  objective  of  this  study  was  to  estimate  changes  in  fish 
abundance  resulting  from  Henning's  (1985)  future  water  demand  predictions. 
However,  Henning's  report  was  not  written  for  use  in  biological  impact  anal¬ 
ysis,  and  the  application  of  his  results  to  this  study  presented  several  major 
problems.  First,  Henning  determined  changes  in  water  volume  demands  without 
consideration  to  other  habitat  variables  such  as  water  quality.  Second, 
Henning  determined  total  water  demands  without  indicating  the  amount  required 
from  surface  water.  Walter  (1982)  provides  the  only  data  (for  1980)  on  water 
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usage  that  distinguishes  surface  from  ground-water  withdrawal  (Table  1).  It 
was  assumed  that  the  rate  of  future  ground-water  withdrawal  would  equal  that 
of  1980.  Only  ground  water  was  used  in  Tensas  and  Madison  Parishes  according 
to  Walter  (1982);  therefore,  it  was  assumed  that  there  would  be  no  surface 
water  demands  for  these  two  parishes.  For  parishes  requiring  some  surface 
water  in  1980,  it  was  assumed  that  all  increased  demands  in  the  future  would 
be  met  solely  by  increased  use  of  surface  water.  Thus,  the  percent  surface 
water  used  in  each  parish  according  to  Walter's  (1982)  estimates  was  multi¬ 
plied  by  total  water  demands  determined  by  Henning  (1985)  to  obtain  future 
demands  of  surface  water  only.  Third,  Henning  did  not  indicate  the  source  of 
water  (river,  lake,  or  pond)  but  simply  expressed  demands  by  parish.  As  a 
worst-case  scenario,  it  was  assumed  that  all  surface  water  demands  would  be 
met  by  the  five  rivers  in  the  study  area.  Although  there  are  numerous  oxbow 
lakes  along  the  Mississippi  and  other  rivers  in  this  area,  their  inclusion  in 
this  analysis  was  beyond  the  scope  of  the  study. 

Multivariate  habitat  analysis 

8.  The  distribution  and  abundance  of  fishes  are  influenced  by  a  variety 
of  habitat  factors  other  than  just  water  volume  (Whiteside  and  McNatt  1972; 
Platts  1979;  Fausch,  Karr,  and  Yant  1984;  Miranda,  Shelton,  and  Bryce  1984; 
Schlosser  1985).  The  multivariate  approach  to  impact  analysis  on  fish  popu¬ 
lations  has  become  an  established  technique  to  determine  fish  abundance  due  to 
changes  in  physical,  chemical,  and  biotic  variables.  For  example,  using  mul¬ 
tiple  regression,  Binns  and  Eiserman  (1979)  developed  a  habitat  quality  index 
(HQI)  that  related  standing  crop  of  coldwater  fishes  to  nine  habitat  attri¬ 
butes.  Oswood  and  Barber  (1982)  used  a  similar  approach  for  salmonids.  Sev¬ 
eral  multivariate  habitat  models  for  warmwater  streams  have  also  been 
developed  to  predict  fish  standing  crop  (Paragamian  1981,  Layher  and  Maughan 
1985)  ,  although  some  are  subjective  and  not  well  verified  (McClendon  and 
Rabeni  1987).  Other  habitat  assessment  methods  that  use  indices  to  describe 
the  quality  of  the  environment  to  fishes  include  the  Instream  Flow  Incremental 
Methodology  (IFIM)  (Bovee  1982)  and  the  Habitat  Evaluation  Procedures  (HEP) 

(US  Fish  and  Wildlife  Service  (USFWS)  1980).  These  and  other  habitat-based 
models  are  still  evolving  in  an  attempt  to  develop  an  acceptable  fishery 
habitat  classification  system  for  resource  planning  and  management  (Platts 
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9.  A  multivariate  analysis  was  employed  in  this  study  to  identify 
selected  physical  and  water  quality  variables  that  may  limit  fish  abundance. 
The  results  were  not  used  to  predict  changes  in  fish  abundance  according  to 
Henning's  (1985)  water  demands,  because,  as  previously  mentioned,  variables 
other  than  water  volume  were  not  provided  for  future  conditions  and  the 
ability  to  predict  changes  in  other  habitat  variables  resulting  from  surface 
water  withdrawal  was  beyond  the  scope  of  this  study. 

Species  and  trophic 
compositions  of  fishes 

10.  The  final  approach  used  in  this  study  was  to  describe  and  compare 
the  integrity  of  the  fish  community  structure  in  northeast  Louisiana  using  the 
index  of  biotic  integrity  (IBI)  proposed  by  Karr  (1981).  This  index  evaluates 
an  aquatic  resource  based  on  the  attributes  (species  composition,  trophic 
composition,  and  health  and  abundance  of  fish)  of  the  indigenous  fish  commu¬ 
nity  (Leonard  and  Orth  1986).  The  fish  community  can  be  classified  as  excel¬ 
lent,  fair,  or  poor  according  to  the  final  IBI  score.  This  index  can 
ultimately  be  used  to  identify  ecologically  significant  areas  in  northeast 
Louisiana  that  are  sensitive  to  water  resource  development  and  to  monitor 
changes  in  the  quality  of  the  fish  community  structure. 
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PART  II:  FIELD  METHODS 


11.  Relationships  between  fish  abundance  (number  of  fishes)  and  phvsio- 
chemical  variables  were  examined  at  15  different  river  locations  in  the  study 
area  during  low-water  periods  in  September  and  October  (Figure  1).  Numerous 
studies  have  shown  that  fish  assemblages  can  be  quite  different  due  to  the 
quality  of  fish  habitat  (Hynes  1970;  Krumholz  1980;  Ross,  Matthews,  and 
Echelle  1985);  therefore,  sites  were  selected  to  account  for  variability  in 
channel  shape  and  dimensions,  amounts  of  instream  cover,  water  velocity,  and 
substrate  type  (gravel  or  clay).  Each  individual  site,  however,  was  relatively 
uniform  in  habitat  features.  The  length  of  the  sites  ranged  from  33  to  380 
ft*  in  order  to  assess  the  relationship  between  water  volume  and  fish  abun¬ 
dance.  However,  the  mean  (+SD)  length  of  all  sites  was  148  +92. 

12.  Each  site  was  isolated  with  upstream  and  downstream  blocknets 
(0.5-mm  mesh).  Three  consecutive  passes  of  equal  effort  were  made  through  the 
site  using  a  boat-mounted  electroshocker  (output  was  350  to  400  v  at  4  to 

7  amp).  All  fishes  collected  were  identified  to  species  and  measured  (stan¬ 
dard  length) .  The  number  of  fishes  per  unit  volume  of  water  was  determined 
using  the  Zippin  Depletion  Method  (Zippin  1958)  ,  and  the  standard  error  of 
these  estimates  was  determined  as  described  by  Platts,  Megahan,  and  Minshali 
(1983).  Based  upon  frequency  of  occurrence  (individuals  per  class  divided  by 
total  individuals),  fishes  were  separated  into  the  following  groups:  harvest- 
able  sport  and  commercial  species,  juvenile  sport  and  commercial  species, 
minnows,  darters,  madtoms,  and  rough  fishes.  Fishes  of  harvestable  size  were 
identified  using  length  criteria  furnished  by  the  US  Army  Engineer  District, 
Vicksburg  (VXD) . 

13.  After  fishes  were  collected,  depth,  velocity,  cover  (presence  or 
absence) ,  and  water  quality  were  measured  at  2-  to  5-ft  intervals  across  a 
transect  and  used  to  describe  the  morphology,  water  volume,  and  average  water 
quality  conditions  for  the  study  site  (Table  2).  Because  each  individual  site 
was  relatively  uniform  with  respect  to  channel  shape  and  location  of  instream 
cover,  a  single  transect  was  considered  adequate  to  represent  the  habitat 
variability  within  the  site.  Water  depth  was  measured  to  the  nearest  0.1  ft 


*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI 
(metric)  units  is  presented  on  page  4. 
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BOEUF  RIVER  1  MILE  ABOVE  HWY  15  NEAR  ALTO 

BOEUF  RIVER  5  MILES  A80VE  HWY  16  NEAR  ALTO 

JOE'S  BAYOU  ON  THE  BOEUF  RIVER  NEAR  FT  NECESSITY 

BOEUF  RIVER  3  MILES  BELOW  GUMBY  DAM  NEAR  HEBERT 

BIG  ROARING  BAYOU  ON  THE  TENSAS  RIVER  NEAR  NEWLIGHT 

COVE  ON  THE  TENSAS  RIVER  BELOW  HWY  4  NEAR  NEWLIGHT 

BAYOU  MACON  3  5  MILES  ABOVE  HWY  2  NEAR  OAK  GROVE  1ABOVE  RIFFlEi 

BAYOU  MACON  3  5  MILES  ABOVE  HWY  2  NEAR  OAK  GROVE  1R1FFLEI 

BAYOU  MACON  5  MILES  ABOVE  HWY  80  NEAR  DELHI 

BAYOu  MACON  1  mile  ABOVE  HWY  562  NEAR  WISNER 

BAYOu  BARTHOLOMEW  1  MILE  BELOW  HWY  139  NEAR  BASTROP 

8AYQU  BARTHOLOMEW  7  MILES  ABOVE  CONFLUENCE  WITH  OUACHITA  RIVER 

3AYOU  BARTHOLOMEW  2  MILES  ABOVE  CONFLUENCE  WITH  OUACHITA  RIVER 

BAYOU  LAFOURCHE  IMMEDIATELY  ABOVE  LAFOURCHE  DAM  NEAR  CREW  UAKE 

BAYOu  LAFOURCHE  1  MILE  ABOVE  LAFOURCHE  DAM  NEAR  CREW  LAKE 


Figure  1.  Location  of  study  area  and  field  collection  sites 
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using  a  metered  rod.  Water  velocity  was  measured  to  the  nearest  0.1  ft/sec 
using  a  Marsh-McBirney  Model  201  current  meter.  If  total  depth  (TD)  was  less 
than  or  equal  to  3.0  ft,  velocity  was  measured  at  0.6  TD.  If  TD  exceeded  3.0 
ft,  velocity  was  measured  at  both  0.2  and  0.8  TD.  Percent  cover  was  deter¬ 
mined  by  dividing  the  intervals  with  cover  by  the  total  number  of  intervals 
across  the  transect.  Water  quality  parameters  were  measured  with  a  Martek 
(Mark  XV)  water  quality  analyzer  and  included  temperature,  dissolved  oxygen, 
pH,  conductivity,  and  turbidity. 


PART  III:  IMPACT  ASSESSMENT  OF  SURFACE  WATER  WITHDRAWAL 


Data  Analysis 

14.  Based  on  the  fish  population  and  water  volume  measurements  col¬ 
lected  at  the  study  sites  (Table  2),  che  mean  number  of  fish  (+95-percent  con¬ 
fidence  interval)  per  1-million  gal  of  water  was  1,064  +  291.  One  site  was 
deleted  (Bayou  Macon  3.5  miles  above  Hwy  2  near  Oak  Grove  at  riffle  RM  132) 
because  the  fish  abundance  value  (19,489  f ish/ 1-million  gal)  was  dispropor¬ 
tionately  high  and  not  considered  representative  of  the  study  area.  Based 
upon  20  years  of  fish  collecting  in  the  study  area,  riffle  habitat  ir.  Bayou 
Macon  is  rare  and  is  usually  created  from  silt  deposition  or  logjams. 
Therefore,  use  of  this  value  would  artificially  increase  the  variability  of 
the  mean  estimate  and  would  not  accurately  depict  fish-volume  relationships 
for  a  basin-wide  study.  However,  this  site  shows  the  importance  of  riffle- 
tvpe  habitat  on  fish  abundance  and  should  be  considered  in  a  site-specific 
assessment . 

15.  The  mean  estimate  was  held  constant  and  multiplied  by  water  volumes 
currently  existing  in  each  river  under  wet  to  drought  conditions  and  as  a 
result  of  future  water  demands.  Water  volumes  were  determined  from  historic 
stage  height  data  collected  at  13  gaging  stations  (Figure  2)  spread  throughout 
northeast  Louisiana.  Each  gaging  station  represented  hydrological  conditions 
at  a  specific  reach  of  river  in  the  study  area.  The  procedure  used  to  cal¬ 
culate  water  volumes  that  exist  for  wet  to  drought  conditions  and  associated 
number  of  fishes  is  outlined  in  Appendix  A. 

16.  Future  water  demands  were  developed  for  all  parishes  in  Louisiana 
by  henning  (1985).  However,  only  the  parishes  where  the  five  rivers  occurred 
were  considered  in  this  study  and  included  Catahoula,  East  Carroll,  Franklin, 
Madison,  Morehouse,  Richland,  Tensas,  and  West  Carroll.  Henning  predicted  the 
amount  of  water  required  for  crop  irrigation  and  aquaculture  from  May  to  Octo¬ 
ber  over  a  40-vear  period  (1990  to  2030)  according  to  four  scenarios: 
50-percent  chance  of  water  need  without  conservation  measures,  50-percent 
chance  of  water  need  with  conservation  measures,  90-percent  chance  of  water 
need  without  conservation  measures,  and  90-percent  chance  of  water  need  with 
conservation  measures.  For  each  scenario,  a  mean  water  demand  was  calculated 
by  month  from  the  values  of  the  5  target  years  (1990,  2000,  2010,  2020,  2030) 
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1  BAYOU  BARTHOLOMEW  NEAR  JONES 

2  bayou  Bartholomew  near  bastrop 

3  80EUF  RIVER  NEAR  AR-lA  STATE  LINE 

4  BOEUF  RIVER  AT  GIRARD 

5  BOEUF  RIVER  NEAR  ALTO 

6  BIG  CREEK  NEAR  MANGhAM 

7  BOEUF  RIVER  NEAR  FT  NECESSITY 
3  BAYOU  MACON  NEAR  DELHI 

9  TENSAS  RIVER  AT  TENDAL 

10  TENSAS  RIVER  NEAR  NEWUGhT 

11  TENSAS  RIVER  AT  CLAYTON 

12  TENSAS  RIVER  NEAR  ALSTATI A 

13  BAYOU  MACON  NEAR  kilBOuRNE 


Figure  2.  Location  of  stream  gaging  stations  used  to  determine 
historic  water  levels  in  the  Boeuf  River,  Tensas  River,  Bayou 
Macon,  Bayou  Bartholomew,  and  Big  Creek 
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to  simplify  data  presentation.  Water  demand  was  expressed  as  million  gallons 
of  water  per  day  (MGD)  and  was  calculated  by  dividing  the  number  of  days  in 
each  month  into  the  total  monthly  water  volume.  Therefore,  this  value  indi¬ 
cates  the  amount  of  water  available  for  withdrawal  on  a  daily  basis  using 
constant  pumping  rates  and  does  not  refer  to  a  stream  discharge  rate. 

Description  of  Future  Water  Demand  Scenarios 

17.  The  four  water  demand  scenarios  are  described  below  according  to 
Henning  (1985).  Scenario  1  (50-percent  chance  of  water  need  without  conser¬ 
vation  measures)  projected  supplemental  irrigation  water  requirements  for 
rice,  soybeans,  cotton,  wheat,  corn,  grain  sorghum,  and  the  necessary  amount 
of  water  to  maintain  catfish  ponds  under  conditions  of  average  C50-percent 
chance  of  water  need)  rainfall  in  northeast  Louisiana.  Scenario  2  (50-percent 
chance  of  water  need  with  conservation  measures)  estimated  water  use  for 
average  rainfall  conditions  with  conservation  employed  to  irrigation  and 
aquaculture  practices.  On-farm  conservation  measures  included  land  leveling, 
flow  measurement  devices,  recycling  of  water,  and  matching  irrigation  systems 
to  soil  and  crop  conditions.  Off-farm  conservation  measures,  although  not 
normally  practiced,  included  lining  conveyance  canals  and  laterals,  weed  con¬ 
trol  along  conveyance  channels,  and  improved  scheduling  allocation.  Scenario 
3  (90-percent  chance  of  water  need  without  conservation  measures)  estimated 
water  use  when  rainfall  was  below  normal.  Below  normal  rainfall  conditions 
were  considered  to  be  a  drought  situation  where  historic  average  rainfall  was 
expected  to  exceed  estimated  rainfall  9  years  in  10.  Scenario  4  (90-percent 
chance  of  water  need  with  conservation  measures)  estimated  water  use  for 
drought  conditions  with  conservation  measures  previously  described. 

Determination  of  Minimum  Water  Volume 


18.  A  threshold  value  (the  minimum  volume  necessary  to  maintain  a 
viable  fishery)  was  determined  for  the  rivers  in  each  parish  using  a  modifi¬ 
cation  of  the  Tennant  Method  (Tennant  1976)  and  referred  to  as  "minimum 
volume"  (MV) .  The  Tennant  Method  uses  a  predetermined  percentage  of  the 
historic  average  water  discharge  (volume  in  this  study)  to  indicate  the 
quality  of  fish  habitat  that  ranges  from  "flushing  or  maximum"  to  "severe 
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degradation."  This  method  was  chosen  because  it  is  relatively  unbiased  in 
that  it  does  not  incorporate  subjective  reasoning  into  the  recommended  water 
volume  and  it  can  be  developed  quickly  and  inexpensively  (Annear  and  Conder 
1984);  however,  it  does  not  incorporate  habitat  preferences  of  fishes  or 
seasonal  variability  in  water  levels  in  the  decision-making  process. 

19.  In  this  study,  40  percent  ^defined  as  "good"  by  Tennant)  of  the 
median  monthly  water  volume  (50-percent  exceedance  value)  was  used  to  deter¬ 
mine  the  MV.  The  median  monthly  water  volume  was  determined  by  parish 

according  to  the  procedure  in  Appendix  A.  If  two  or  more  rivers  existed  in 

one  parish,  their  median  water  volumes  were  summed,  and  the  MV  was  calculated 
from  this  value.  However,  the  MV  can  be  determined  for  each  individual  river 
in  a  parish  using  the  data  provided  in  Table  4,  Although  other  studies  com¬ 
monly  used  30  percent  of  the  mean  annual  water  volume  (Annear  and  Conder 
1984)  ,  this  value  was  considered  too  low,  since  in  most  cases  it  would  result 
in  water  *wels  typical  of  severe  drought  situations.  Tennant  (1976)  con¬ 
cluded  that  30  percent  of  the  mean  annual  water  volume  would  provide  adequate 
water  levels  to  cover  most  substrates,  provide  some  instream  cover  for  fishes, 

allow  most  side  channels  to  carry  some  water,  and  provide  adequate  water 

temperatures  that  would  not  become  limiting  to  the  fishes.  Therefore, 

40  percent  of  the  median  water  volume  by  month  is  considered  a  conservative 
value  and  incorporates  monthly  variability  in  water  levels. 

30.  No  single  technique  is  available  to  objectively  define  a  minimum 
water  volume  necessary  to  maintain  a  viable  fishery  in  rivers  where  flow 
occurs  intermittently  because  of  dams  and  other  water  restrictions.  The 
Tennant  Method  was  originally  applied  to  salmonid  riverine  habitat  and  was 
based  on  percentages  of  mean  annual  discharge.  The  use  of  the  median  water 
volume,  rather  than  the  mean  annual  value,  provided  a  reasonable  minimum 
volume  based  upon  local  hydrological  conditions,  but  should  be  used  with 
caution  because  of  its  lack  of  empirical  verification.  Other  "minimum  flow" 
techniques  previously  used  in  impact  analysis  include  the  wetted  perimeter 
method,  the  habitat  retention  method,  use  of  physical  habitat  simulation 
models,  and  subjectively  identified  inflection  points  on  hydrographs  of 
habitat-discharge  relationships  (Annear  and  Conder  1984).  However,  these 
methods  have  been  designed  for  flowing  water  conditions  and  are  not  considered 
appropriate  for  rivers  in  northeast  Louisiana. 
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Fish  Abundance  and  Water  Volume  Without  Water  Demands 

21.  Based  upon  a  review  of  historic  fish  collections  at  the  Museum  of 
Zoology  at  Northeast  Louisiana  University,  a  total  of  116  species  have  been 
identified  in  the  study  area  (excluding  Ouachita  and  Black  Rivers),  with  51 
common  and  65  uncommon  species  (Appendix  B) .  Bayou  Bartholomew  has  the 
highesc  number  of  species  (97),  followed  by  Boeuf  River  (69),  Big  Creek  (50), 
Bayou  Macon  (43),  and  Tensas  River  (38)  (see  Appendix  B) .  In  this  study, 

59  species  were  collected  by  electroshocking .  Juvenile  shad  (36.6  percent) 
was  the  most  abundant  species  (Table  3) ,  particularly  in  rivers  other  than 
Bayou  Bartholomew.  Shad  have  broad  niche  requirements  and  are  often  abundant 
in  sluggish  rivers,  impoundments,  and  areas  where  habitats  have  been  disturbed 
by  water  resource  development  (Carlander  1969,  Pflieger  1975,  Becker  1983). 
Minnows,  darters,  and  madtoms  were  the  second  most  abundant  group  of  fishes 
(34.6  percent)  throughout  the  study  area  and  were  usually  the  dominant  group 
of  fish  at  Bayou  Bartholomew.  These  species  usually  have  narrow  niche 
requirements,  are  sensitive  to  environmental  degradation,  and  dominate  the 
fis'.  assemblage  in  warmwater  rivers  that  sustain  flows  year-round  (Pflieger 
1975,  Pennington  et  al.  1981,  Becker  1983,  Page  1983).  Juvenile  sunfishes 
were  the  only  other  group  of  fishes  common  in  all  rivers.  Harvestable  sport 
and  commercial  fishes  made  up  less  than  10  percent  of  the  total  number  of 
fishes  collected. 

22.  The  available  water  volume  (MGD)  that  currently  exists  in  the  study 
area  and  associated  numbers  of  fish  are  shown  in  Table  4  by  river  and  parish. 
The  water  volume  is  provided  for  a  range  of  high-water  (.river  stage  is 
exceeded  30  percent  of  the  time)  to  extreme  low-water  (river  stage  is  exceeded 
90  percent  of  the  time)  conditions.  In  addition,  the  stage  height  that  cor¬ 
responds  to  the  volume  of  water  is  given  for  a  representative  gaging  station 
(Figure  2).  Rivers  occasionally  formed  partial  boundaries  between  parishes 
and  were  assigned  to  the  parish  where  the  highest  number  of  river  miles 
occurred. 

4.0.  The  water  volume  was  highest  in  May  at  all  parishes  and  steadily 
decreased  throughout  the  summer  months  because  of  lower  amounts  ot  rainfall. 
West  Carroll  and  East  Carroll  Parishes  had  the  least  amount  of  surijce  water, 
whereas  Tensas  and  Franklin  Parishes  had  the  highest  amount  oi  surface  water. 
Month!;,  i  ish  abundance  values  ranged  irom  6,000,000  (199,700  iish  MOO  i  m  the 
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lower  reaches  of  Bayou  Bartholomew  in  Morehouse  Parish  during  high-water 
periods  to  less  than  5,000  (100  fish/MGD)in  the  headwaters  of  the  Boeuf  River 
in  West  Carroll  Parish  during  drought  conditions.  The  abundance  of  harvest- 
able  sport  and  commercial  fishes  can  be  determined  for  a  given  river  reach  by 
multiplying  the  percentage  of  a  particular  group  shown  in  Table  3  by  the  fish 
abundance  value. 

Fish  Abundance  and  Water  Volume  With  Water  Demands 

24.  The  effects  of  surface  water  withdrawal  on  fish  abundance  are 
presented  by  parish  in  Figures  3  through  10  for  each  of  the  four  scenarios 
previously  described.  Each  figure  indicates  water  volume  (MGD)  and  associated 
number  of  fish  with  and  without  demands.  In  addition,  the  MV  for  normal  and 
drought  conditions  is  provided  to  indicate  the  amount  of  water  available  to 
partially  meet  the  demands  and  still  provide  adequate  habitat  to  maintain  the 
existing  fish  community  structure.  If  two  or  more  rivers  occurred  in  one 
parish,  their  water  volume  and  fish  abundance  values  were  summed  by  month  for 
the  "without  demand"  variable  (see  Table  4).  The  "without  demand"  variable 
for  Scenario  1  (50-percent  chance  of  water  need  without  conservation  measures'1 
and  Scenario  2  (50-percent  chance  of  water  need  with  conservation  measures) 
reflect  the  50-percent  exceedance  values  (median  water  volume)  shown  in 
Table  4,  while  Scenario  3  (90-percent  chance  of  water  need  without  conserva¬ 
tion  measures)  and  Scenario  4  (90-percent  chance  of  water  need  with  conserva¬ 
tion  measures)  reflect  the  90-percent  exceedance  values  (drought  conditions). 

A  "loss"  of  fishes  referred  to  in  subsequent  paragraphs  can  be  caused  by 
fishes  leaving  the  area  for  an  extended  period  of  time,  high  mortality  rates 
for  those  fishes  stranded  because  of  extremely  low-water  conditions,  or  a 
reduction  in  recruitment  of  future  year  classes  because  of  degraded  habitat 
conditions. 

25.  Water  demands  exceeded  total  water  supply  for  most  parishes. 

Except  for  Richland,  Tensas,  and  Madison  Parishes,  a  100-percent  loss  of 
fishes  would  occur  in  1  or  more  months  as  the  result  of  complete  dewatering  of 
the  river  (Table  5).  Fish  losses  were  similar  with  and  without  conservation 
measures.  In  Richland  Parish,  where  water  demands  were  relatively  low,  Sce¬ 
narios  1  and  2  resulted  in  only  a  slight  decrease  in  water  volume  with  a  max¬ 
imum  fish  loss  of  2  percent  (Figure  3).  During  drought  conditions 
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figure  1.  Number  of  fishes  with  and  without  water  d 
and  the  MV  lor  rivers  in  Richland  Parish 
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has  Che  highest  water  supply,  tolioved  by  Tensas,  Catahoula,  Richland, 
Morehouse,  East  Carroll,  Madison,  and  West  Carroll  Parishes. 


30.  Juvenile  shad  would  be  the  primary  fish  lost  because  of  surface 
water  withdrawal.  This  species  is  an  important  forage  fish  for  soort  and 
predator  fishes  (Becker  1983)  and  can  form  a  major  part  of  the  diet  for  at 
least  17  sport  fishes  (Miller  1960).  Therefore,  the  cumulative  effects  of 
losing  high  numbers  of  shad  may  have  significant  effects  on  sport  fish  pro¬ 
duction.  In  addition  to  a  loss  of  forage  fishes,  a  relatively  high  number  of 
harvestable  sport  and  commercial  fishes  will  be  lost  as  the  result  of  surface 
water  withdrawal.  For  example,  out  of  a  total  of  1-million  fishes  lost  in 
typical  river  reaches,  2,000  would  be  harvestable  bass,  3,000  would  be  har- 
vestable  sunfishes,  A, 000  would  be  harvestable  crappie,  5,000  would  be  har¬ 
vestable  catfish,  and  17,000  would  be  harvestable  buffalo.  Recruitment  would 
also  be  affected,  especially  for  sunfishes,  since  18  percent  of  the  fishes 
collected  were  juvenile  sunfishes.  A  high  number  of  minnows,  darters,  and 
mad toms  (34  percent)  would  also  be  lost  because  of  dewatering  effects,  partic¬ 
ularly  in  Bayou  Bartholomew.  Although  these  fishes  do  not  directly  contribute 
to  the  sport  and  commercial  fishery,  they  are  important  forage  fishes  and  eco¬ 
logically  significant.  They  also  indicate  a  high  diversity  fish  community, 
and  studies  have  suggested  that  these  types  of  aquatic  systems  are  more 
affected  by  perturbations  than  those  of  low  diversity  (Petts  1984). 

31.  This  study  shows  that  the  water  demands  predicted  by  Henning  :  1985"' 
will  create  major  impacts  to  the  fish  community  structure  in  northeast  Loui¬ 
siana  under  the  assumptions  previously  stated.  Alternative  water  supplies 
will  have  to  be  identified  in  order  to  meet  future  water  demands,  or  many  of 
the  rivers  will  be  dewatered  as  a  result  of  surface  water  withdrawal.  The 


assumptions  made  in  this  analysis  should  be  critically  reviewed  if  new  data 
become  available.  For  example,  assuming  that  future  ground-water  withdrawal 
will  remain  at  the  1980  rate  may  be  erroneous,  but  no  new  information  is 
available  to  modify  these  predictions.  If  new  water  demand  data  do  become 
available,  the  fish  abundance  estimates  can  be  used  to  modify  the  impacts  of 
surface  water  withdrawal  to  the  fish  community.  The  validity  of  the  fish 
abundance-water  volume  relationship  can  also  be  tested  in  any  long-term  mon¬ 


itoring  efforts  that  may  occur  in  the  future  under  actual  water  withdrawal 
conditions . 


28 


yvvv.vv. y  v  f. 

.Vjv  _%  /»  ,  ■  . ■  .  * „  ■  ,  ■ , 


PART  IV:  MULTI VAKI ATE  RELATIONSHIPS  BETWEEN  HABITAT  AND  FISH  ABUNDANCE 

32 .  Fish  abundance  can  be  influenced  bv  a  variety  oi  habitat  variables 
other  than  water  volume.  The  interaction  of  both  physical  and  chemical  prop¬ 
erties  of  the  aquatic  environment  can  regulate  the  size  and  distribution  .  f 
fish  populations.  This  section  provides  an  analysis  of  the  physical  habitat 
and  water  quality  variables  measured  in  association  with  fish  population 
estimates  to  determine  which  and  how  manv  variables  are  most  important  in 
predicting  fish  abundance;  this  section  also  identifies  potential  limiting 
factors  on  fish  abundance  in  the  rivers  of  northeast  Louisiana. 

lata  Anal vs  is 


33.  The  10  physical  and  water  quality  variables  measured  in  the  fie  1 c 
Table  31  were  separately  correlated  to  the  fish  population  estimates.  Vari¬ 
ables  with  correlation  coefficients  near  or  greater  than  0.30  were  entered 

*> 

into  a  stepwise  multiple  regression  using  the  maximum  R“  improvement  tech¬ 
nique  ( SAS  Institute  Inc.  1983).  A  predictive  equation  was  developed  to 
explain  the  majority  of  variations  in  fish  abundance  according  to  these 
physical  and  water  quality  variables.  The  precision  of  the  equation  was 
examined  by  regressing  predicted  fish  abundance  values  against  actual  fish 
abundance  values  measured  in  the  field  and  the  examining  correlation  coeffi¬ 
cients  (McClendon  and  Rabeni  1987). 


Results  and  Discussion 

3-.  Of  the  10  habitat  variables  measured  in  the  field,  only  5  had  cor¬ 
relation  coefficients  (R)  near  or  greater  than  0.30  (Table  7).  These  included 
water  volume  (0.75),  conductivity  (-0.46),  pH  (0.46),  water  depth  (0,33),  and 
dissolved  oxygen  (0,29).  However,  water  volume  was  the  only  variable  signif¬ 
icantly  (P  <  0.05)  correlated  to  fish  abundance.  Because  of  the  narrow  range 
of  pH  values  (7.0  to  7.8)  throughout  the  study  area,  this  variable  was  elim¬ 
inated.  Therefore,  only  water  volume,  conductivity  (Cond) ,  water  depth,  and 
dissolved  oxygen  (DO)  were  subjected  to  stepwise  multiple  regression. 


O' :0030’: 
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j  3 .  Fish  abundar.ee  was  best  determined  from  water  volume,  conduct  ivitv, 
and  dissolved  oxygen.  The  predictive  equation  is  expressed  as  follows: 

Number  of  fish  =  9.946  5  70.461  <  Vol '  58 . 50'  .  DO)  -  0.83'  ulcr.dl  i  1* 

This  equation  explained  7'  percent  of  the  variation  in  fish  abundance  <R~ 

=  u.'7)  and  was  significant  at  P  <-  0.01.  Water  depth  increased  the  R~  to 
only  0.78  and  was  therefore  not  used  in  the  predictive  equation.  Correlation, 
of  the  predicted  and  observed  fish  abundance  values  shows  a  relatively  high 
level  of  precision  iR'  =  0.88'  and  was  signiricar.t  P  <  0.01  j.  However,  the 
accuracy  or  the  equation  can.  be  determined  only  from  an  independent  data  set 
collected  in  future  years. 

36.  As  water  volume  decreases,  the  amount  of  usable  fish  habitat  is 

reduced,  and  inter-  and  intraspecific  competition  for  food,  predator  avoid¬ 
ance,  and  suitable  spawning  areas  becomes  more  likely.  Therefore,  water  vol¬ 
ume  should  be  highly  correlated  to  fish  abundance,  unless  other  habitat 
variables  become  limiting.  The  results  of  this  analysis  has  identified  dis¬ 
solved  oxygen  and  conductlvitv  as  two  potential  limiting  factors  on  fish  abun¬ 
dance.  Dissolved  oxygen  is  important  to  the  physiological,  biochemical,  and 
behavioral  processes  in  fishes  (Davis  ! 0  ~  5 ''  .  Low  dissolved  oxygen  usually 
results  in  low  species  richness  and  abundance  of  fishes.  For  example,  fish 
abundance  and  species  richness  were  reiativelv  lew  at  the  Boeuf  River  !  mile 
above  Hwy  13  near  Alto,  where  the  .owest  dissolved  oxygen  value  mg /  was 

measured  during  the  study  (Table  2).  Conductivity  was  important  to  fish  abun¬ 
dance  due  to  the  influence  of  Bavou  Bartholomew.  The  water  in  Bavou 
Bartholomew  has  a  lower  conduc t iv i t v  than  the  other  four  rivers  sampled  as 
well  as  a  higher  number  of  fish  per  unit  volume  1  see  Table  l''.  erefere,  a 
negative  correlation  existed  between  conductivity  and  fish  abundance 

Table  ' ) .  The  degree  of  land  utilization  practices  and  nutrient  loading  can 
be  indicated  by  conductivity.  Most  rivers  in  agricultural  environments,  such 
as  northeast  Louisiana,  are  subjected  to  high  rates  of  sedimentation,  usually 
composed  of  fine  clay  materials  high  in  colloidal  material  or  organic  matter 
'Schmidt  1972),  causing  the  water  to  be  highly  conductive.  Thus,  an  increase 
in  conductivity  may  coincide  with  degrading  habitat  conditions. 

37.  The  predictive  equation  presented  previously  can  be  used  in  deter¬ 
mining  changes  in  the  number  of  fish  resuiting  from  decreasing  water  volume*- 


with  associated  changes  in  dissolved  oxygen  and  conductivitv .  However,  che 
difficulty  of  predicting  water  quality  changes  resulting  from  altered 
hydrology  of  the  rivers  in  northeast  Louisiana  may  limit  the  usefulness  or  the 
equation.  Furthermore,  the  predictive  equation  does  not  necessarily  imply  a 
cause  and  effect  relationship,  since  fish  populations  can  be  regulated  by 
other  unmeasured  variables  such  as  competition,  predation,  and  extreme  cli¬ 
matic  conditions. 
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PARI  V:  INTEGRI 


OF  THE  FISH  COMMUNITY  STRICT'..  Rt 


38.  Another  approach  to  impact  analysis  or  water  resource  projects  is 
to  determine  changes  in  the  biotic  component  of  aquatic  environment.  The  I b 1 
proposed  by  Karr  (.1981)  provides  a  means  of  evaluating  the  status  of  the  fish 
community  structure  according  to  biotic  variables  that  can  be  measured  in  the 
field.  The  IBI  can  assess  the  biological  integrity  of  the  stream  resource 
and,  along  with  information  on  physical  and  chemical  conditions,  should  pro¬ 
vide  a  sound  basis  for  management  decisions  (Angerneier  and  Karr  .966).  An 
1 3 1  was  developed  for  rivers  in  northeast  Louisiana  to  compare  the  qualitv  of 
the  fish  community  structure  between  study  sites.  In  addition,  the  IBI  can  be 
used  to  monitor  impacts  of  surface  water  withdrawal,  as  well  as  other  water 
resource  projects  in  northeast  Louisiana,  to  the  fish  community  structure  if 
fish  population  data  are  collected  under  future  impact  conditions. 


Description  and  Development  of  the  131 


39.  The  IBI  consists  of  three  biotic  categories,  each  composed  of 
different  attributes  (metrics).  The  categories  include  species  richness  and 
composition,  trophic  composition,  and  health  and  abundance  of  fish  (Table  8). 
The  value  of  each  metric  within  the  three  categories  reflects  a  level  of 
stream  degradation.  The  basic  premise  is  that  low  habitat  quality  is  asso¬ 
ciated  with  relatively  low  species  richness,  fewer  numbers  of  total  fishes, 
and  a  high  number  of  omnivores.  Further  explanation  of  each  metric  is 
explained  in  Karr  (1981);  Fausch,  Karr,  and  Yant  (1984);  Angermeier  and  Karr 
(1986);  and  Leonard  and  Orth  (1986). 

40.  The  observed  value  of  each  metric  was  determined  from  the  fish 
population  estimates  taken  at  each  study  site  (see  Table  3).  Several  study- 
sites  were  deleted  from  this  analysis  (both  sites  at  Bayou  Macon  near  Oak 
Grove  and  both  sites  on  Lake  LaFourche)  because  they  were  considered  too  small 
to  accurately  represent  the  fish  community  structure.  Prior  to  calculating 
the  IBI  score,  all  species  were  placed  into  the  trophic  categories  of 
omnivores,  insectivorous  cyprinids,  and  top  carnivores  according  to  literature 
based  information  (Table  9).  The  observed  metric  values  were  then  assigned  a 
score  from  1  (worst)  to  5  (best)  based  on  their  relationship  to  pristine  cr 
relativelv  undisturbed  habitat  conditions.  After  all  metric  criteria  were 
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sec,  the  individual  me  eric  scores  were  added  co  obtain  a  cocal  I B I  score  chaC 
was  used  Co  classify  che  fish  community  as  excellent,  fair,  or  poor 
Angerme ier  and  Karr  198b'-.  Input  from  biologists  familiar  with  the  stuav 
area  is  necessary  to  develop  a  defensible  I B I .  Furthermore,  an  IBI  may  be 
specific  to  a  drainage  basin  because  metric  values  will  varv  with  stream  size 
ar.d  zoogecgraphic  region  (Karr  1981;  Fausch,  Karr,  and  Yant  198-.). 

-» 1  .  Modifications  of  IBI  metrics  proposed  by  other  researchers  were 
necessary  to  account  for  different  fish  assemblages  ar.d  habitat  conditions 
that  exist  in  northeast  Louisiana.  in  the  category  of  species  richness  ar.d 
composition,  high  proportions  of  green  sunfish  (Karr  1981)  or  creek  chubs 
■Leonard  and  Orth  1986)  usually  indicate  degraded  habitat  conditions.  How¬ 
ever,  in  rivers  of  northeast  Louisiana,  high  numbers  of  shad  are  more  appro¬ 
priate  indicators  of  degraded  habitat  conditions.  The  presence  of  intolerant 
species  (Karr  1981)  was  deleted  from  this  category  because  their  selection  was 
considered  a  subjective  process  (Leonard  and  Orth  1986).  Two  additional 
metrics  were  deleted  from  the  category  of  fish  abundance  and  health  proportion 
of  individuals  as  hybrids,  and  proportion  of  fish  with  disease  or  anomalies. 
Identification  of  hybrids  is  difficult,  even  for  an  experienced  ichthyolo¬ 
gist,  and  fishes  with  disease  or  anomalies  were  not  observed  during  field  col¬ 
lections.  However,  the  existence  of  hybrids  and  fish  with  disease  or 
anomalies  over  1  percent  indicates  highly  degraded  habitat  conditions  (Karr 
1981;  Fausch,  Karr,  and  Yant  1984;  Leonard  and  Orth  1986).  It  should  be  noted 
that  hybrids  in  the  genus  Lepomis  and  '.iotropis  have  been  collected  in  all 
rivers  in  northeast  Louisiana  over  the  past  20  years. 

Application  of  the  IBI  on  Rivers  in  Northeast  Louisiana 

42.  The  values  of  the  fish  community  metrics  at  Bayou  Bartholomew  were 
equal  to  or  higher  than  the  metrics  measured  at  other  rivers  in  northeast 
Louisiana  (Table  10).  Species  richness,  as  well  as  fish  abundance,  was 
generally  higher  at  Bayou  Bartholomew  because  of  relatively  high  numbers  of 
minnows,  shiners,  and  darters.  Shad  were  relatively  lower  in  number  -less 
than  36  percent  of  the  total  number  of  fishes)  at  Bayou  Bartholomew  than  at 
other  rivers  and  were  usually  confined  to  the  lower  reaches  of  Bayou 
Bartholomew  near  its  confluence  with  the  Ouachita  River.  Conversely,  shad 
were  distributed  throughout  ail  reaches  of  the  other  four  rivers,  except  for 
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Che  extreme  headwaters.  The  proportion  or  individuals  as  insectivorous 
cvprinids  was  highest  (indicating  high  quality  habitat)  at  Bavou  Bartholomew, 
except  for  Bayou  Macon  near  Delhi,  where  a  high  number  of  insectivorous  red 
shiners  were  collected.  The  proportion  of  individuals  as  omnivores  was  higher 
in  rivers  of  northeast  Louisiana,  including  Bayou  Bartholomew,  than  in  rivers 
where  I3T  metrics  have  been  developed  (Fausch,  Karr,  and  Yant  198b;  Angermeier 
and  Karr  1986),  primarily  because  of  the  high  numbers  of  omnivorous  shad  col¬ 
lected  at  each  study  site.  However,  this  is  to  be  expected  because  of 
regional  variability  in  fish  assemblages  and  habitat  quality.  With  few  excep¬ 
tions,  the  number  of  sunfish  species,  the  number  of  sucker  species  (buffalo 
were  the  only  suckers  collected  during  this  study) ,  and  the  proportion  of 
individuals  as  top  carnivores  were  consistent  across  study  sites. 

43.  3ased  upon  the  values  of  each  individual  metric  across  study  sites, 
20  years  of  collecting  fish  in  the  study  area,  and  considering  Bayou 
Bartholomew  as  an  indicator  of  relatively  pristine  habitat  conditions,  scoring 
criteria  were  developed  for  each  metric  (Table  8).  Total  IBI  scores  ranged 
from  a  high  of  35  at  Bayou  Bartholomew  near  Bastrop  to  a  low  of  15  at  the 
Boeuf  River  1  mile  above  Alto  (Table  10).  The  IBI  scores  for  the  three  sites 
at  Bayou  Bartholomew  were  equal  to  or  greater  than  the  scores  determined  for 
the  other  rivers,  indicating  the  ecological  importance  of  Bayou  Bartholomew  in 
northeast  Louisiana.  In  conclusion,  river  reaches  with  IBI  scores  greater 
than  29  should  be  considered  excellent  habitat,  whereas  IBI  scores  between  20 
and  29  represent  fair  habitat  and  scores  below  20  represent  poor  habitat. 
Excellent  fish  habitat  do  occur  in  isolated  areas  in  northeast  Louisiana  other 
than  Bayou  Bartholomew  (e.g.,  Big  Roaring  Bayou  on  the  Tensas  River,  see 
Table  2),  but  are  usually  confined  to  small  tributaries  that  have  not  been 
subjected  to  severe  bank  erosion  and  that  have  high  amounts  of  instream  cover 
^greater  than  30  percent) ,  and  to  short  reaches  below  water  control  structures 
with  measurable  discharge  during  the  summer  and  fall  months. 
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PART  VI:  CONCLUSIONS  AND  RECOMMENDATIONS 

The  existing  water  volume  and  associated  number  of  fishes,  as  well 
as  the  maximum  amount  of  water  that  can  be  withdrawn  on  a  monthlv  basis  for 
each  parish  while  still  maintaining  a  viable  fishery,  are  provided  over  a 
range  of  wet  to  dry  conditions  for  each  river  and  parish.  These  data  can  be 
used  to  estimate  the  effects  of  any  water  withdrawal  scenario  on  the  fish 
community  structure. 

1'.  Future  water  demands  determined  by  Henning  (1985)  will  result  in 
the  rivers  being  dewatered  for  L  or  more  months  with  fish  losses  ranging  from 
5,000  to  -*,000,000  for  the  following  parishes:  Catahoula,  East  Carroll, 
Franklin,  Morehouse,  and  West  Carroll.  Relatively  low  water  demands  occur  in 
Richland  Parish  and  have  little  effect  on  fish  abundance.  No  surface  water 
demands  occur  for  Tensas  and  Madison  Parishes  according  to  published  water 
usage  reports.  The  assumptions  made  in  this  analysis  should  be  critically 
reviewed  if  new  water  demand  data  become  available.  However,  given  the  cur¬ 
rent  data  base,  alternative  water  supplies  should  be  considered,  or  substan¬ 
tial  effects  will  occur  to  the  fish  community  structure  as  the  result  of 
dewatering  from  surface  water  withdrawal. 

16.  Water  volume,  dissolved  oxygen,  and  conductivity  were  identified  as 
three  important  habitat  variables  that  can  potentially  limit  fish  abundance  in 
rivers  of  northeast  Louisiana,  and  when  incorporated  into  a  multiple 
regression  equation,  provide  a  relatively  high  predictive  capability  to  esti¬ 
mate  number  of  fishes.  Other  physical  and  chemical  habitat  variables  (water 
depth,  water  velocity,  discharge,  percent  cover,  water  temperature,  pH,  and 
turbidity)  had  no  significant  influence  on  fish  abundance. 

17.  A  diverse  fish  community  exists  in  northeast  Louisiana  with  over 
100  species  of  fishes  residing  in  the  numerous  rivers,  streams,  and  bayous. 
Bayou  Bartholomew  has  the  most  diverse  and  abundant  fish  community  because  it 
has  flowing  water  year-round  with  scattered  amounts  of  gravel  substrate.  The 
dominant  group  of  fishes  collected  at  Bayou  Bartholomew  consisted  of  minnows , 
shiners,  darters,  and  madtoms.  In  contrast,  other  major  rivers  in  northeast 
Louisiana  have  clay  or  sand  substrate  and  are  usually  nonflowing  during  the 
summer  and  early  fall  because  of  various  types  of  water  restrictions.  In 
addition,  the  fish  assemblage  is  composed  primarily  of  juvenile  shad.  An  IBI 
identified  Bayou  Bartholomew  as  an  ecologically  significant  area  in  northeast 
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Louisiana  with  excellent  habitat  conditions,  whereas  other  major  rivers  in  the 
study  area  were  classified  as  fair  to  poor  habitat. 
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Table  1 


Percent  Ground  Water  and  Surface  Water  Used  in  1980  To  Meet  Total 
Ml  iculture  and  Aquaculture  Mater  Use  Demands* 

Parish  Percent  Ground  Water  Percent  Surface  Water 


Catahoula 

25.1 

74.9 

East  Carroll 

92.2 

7.9 

Franklin 

14.1 

85.9 

Madison 

100.0 

0.0 

Morehouse 

41.4 

58.9 

Richland 

98.6 

1.4 

Tensas 

100.0 

0.0 

West  Carroll 

72.6 

27 .  h 
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Table  3 

Percent  Occurrence  of  Harvestable  Fishes  for  Rivers  in  Northeast  Louisiana 


Percent  Occurrence 


Harvestable  sunfishes 

Harvestable  crappie 

Harvestable  black  bass 

Harvestable  bullheads 

Harvestable  shad 

Harvestable  catfish 

Harvestable  gar 

Harvestable  buffalo 

Harvestable  carp 

Juvenile  sunfishes 

Juvenile  shad 

Juvenile  crappie,  bass, 
bullheads,  catfish,  gar, 
buffalo,  and  carp 

Minnows,  darters,  and  madtoms 

Drum,  bowfin,  and  herrings 


Length  Criteria 


all  sizes 
all  sizes 


s'*  Vvis-V  .s' _sV's' V 
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Mod  ff  lei!  from  fausch,  Karr,  and  Yant  (1984)  and  Leonard  and  Orth  (1986). 
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Table  9 

Trophic  Classification  of  Fishes  Collected  in  Rivers  of  Northeast 


Louisiana  from  Aueust-October  1986 


Species 


Chestnut  lamprey 
Spotted  gar 
Longnose  gar 
Shortnose  gar 
Bowf in 

Skipjack  herring 
Threadfin  shad 
Gizzard  shad 
Common  carp 
Silver  chub 
Emerald  shiner 
Bullhead  minnow 
Redfin  shiner 
Spotfin  shiner 
Blacktail  shiner 
Weed  shiner 
Bluntnose  minnow 
Silvery  minnow 
Ribbon  shiner 
Red  shiner 
Smallmouth  buffalo 
Bigmouth  buffalo 
Black  buffalo 
Channel  catfish 
Blue  catfish 
Flathead  catfish 
Yellow  bullhead 
Freckled  madtom 
Freshwater  eel 
Blackspotted  topminnow 
Mosquito  fish 
Brook  silverside 
Spotted  bass 
Largemouth  bass 
Green  sunfish 
Warmouth 

Orangespotted  sunfish 
Bluegill 
Dollar  sunfish 
Longear  sunfish 
Redear 

Spotted  sunfish 


insectivorous 
Omnivores  Cyprinids 


Piscivores  Unknown/Other 


(Continued) 
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Omnivores 


Insectivorous 

Cvprinids 


Piscivores  Unknown /Other 


APPENDIX  A:  PROCEDURE  TO  ESTIMATE  HISTORIC  WATER  LEVELS  IN  THE  STUDY  AREA 


The  purpose  of  this  appendix  is  to  describe  the  procedure  used  to 
determine  the  volume  of  surface  water  (million  gallons)  in  five  rivers  over  a 
range  of  high-water  to  drought  conditions  by  parish. 

Step  1.  Obtain  stage  height  readings  of  historic  water  levels  conditions  for 
each  river.  Stage  duration  tables  were  obtained  for  13  stream  gaging  loca¬ 
tions  in  northeast  Louisiana  (see  Figure  2  in  main  text).  Stage  duration 
tables  are  cumulative  frequency  distributions  of  daily  or  monthly  river  stage 
heights  measured  over  a  10-  to  20-year  period  of  record  by  the  US  Army  Engi¬ 
neer  District  (VXD),  Vicksburg,  or  the  US  Geological  Survey  (USGS)  and  are 
expressed  as  percent  exceedance  values.  The  90-percent  exceedance  value  indi¬ 
cates  extreme  dry  conditions  when  stream  levels  are  lowest,  whereas  the 
10-percent  exceedance  value  coincides  with  relatively  high-water  levels,  usu¬ 
ally  resulting  from  an  above  normal  amount  of  rainfall.  Gage  locations  were 
chosen  to  represent  morphological  and  hydrological  conditions  of  specific 
reaches  of  the  Boeuf  River,  Tensas  River,  Bayou  Macon,  Big  Creek,  and  Bayou 
Bartholomew.  Table  4  (see  main  text)  shows  the  stage  duration  values  for  each 
river  reach  in  the  study  area. 

Step  2.  Develop  correlations  between  river  stage  and  water  volume  tor  each 
gaging  station  and  summarize  existing  water  volume  by  parish.  Each  gage 
location  represented  a  defined  reach  of  a  particular  river.  However,  Henning 
(1985)*  presented  future  water  demand  scenarios  by  parish  and  did  not  indicate 
the  source  of  the  water.  Therefore,  to  relate  existing  water  volume  to  future 
demands,  the  monthly  volume  of  water  that  occurred  at  each  representative  gage 
location  during  wet  to  dry  water  conditions  (30-  to  90-percent  exceedance  val¬ 
ues)  was  extrapolated  to  the  entire  length  of  one  or  more  rivers  lying  in  each 
parish  and  was  expressed  as  million  gallons  of  water  per  day  (MGD).  This  was 
accomplished  by  first  obtaining  stream  width  and  depth  measurements  collected 
at  various  stage  heights  by  USGS  and  VXD  survey  crews  and  converting  them  into 
regression  equations  to  predict  stream  width  and  average  depth  at  stage 
heights  representing  the  30-  to  90-percent  exceedance  values.  The  number 


*  See  References  at  the  end  of  main  text, 
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or  river  mi.es  ir.  each  parish  was  then  determined  from  UCGS  1:24,000  topo- 
grapnic  maps  using  a  c  ar  come  c  er .  For  each  stage  height,  water  volume  million 
gallons  was  calculated  by  multiplying  surface  area  (stream  width  ■  stream 
length:  by  the  appropriate  water  depth  and  dividing  by  1  million.  This  value 
was  then  divided  by  the  number  of  days  that  occurred  in  each  month  to  obtain 
MCI.  If  more  tnan  one  river  existed  in  a  parish,  the  sum  of  their  water  vol¬ 
umes  were  taker,  to  represent  total  water  volume  by  parish.  The  mean  fish 
abundance  value  (number  of  fishes  per  1-million  gal  of  water)  determined  from 
the  t ieid-measured  population  estimates  was  multiplied  by  the  volume  of  water 
for  wet  to  dry  water  conditions  (see  Table  4).  As  discussed  in  the  main  text, 
this  procedure  assumed  that  water  removed  from  a  specific  reach  of  the  river 
will  not  be  replaced  from  other  upstream  or  downstream  sources  because  of  the 
numerous  dams  and  other  water  restrictions  that  exist  throughout  the  study 
area  and  that  changes  in  fish  abundance  can  be  explained  from  an  existing 
relationship  between  numbers  of  fish  and  water  volume.  Although  there  will 
certainly  be  exceptions,  it  was  concluded  that  these  assumptions  will  hold 
true  for  the  majority  of  river  reaches  in  northeast  Louisiana. 

Step  3.  Synthesize  stage  heights  for  ungaged  stream  reaches.  The  lower  reach 
of  Bayou  Bartholomew  did  not  have  an  established  gaging  station,  and  the  water 
levels  were  substantially  different  from  those  of  upstream  locations  where 
gaging  stations  were  located.  Therefore,  historic  water  levels  had  to  be 
synthesized  using  field-measured  discharges  at  the  lower  reaches  of  Bayou 
Bartholomew  and  correlated  to  the  upstream  gaging  location  at  Jones.  A 
transect  was  established  across  several  downstream  locations  (Hwv  139  and  near 
the  mouth),  and  discharge  was  measured.  The  stage-discharge  readings  measured 
by  VXD  were  obtained  for  the  gage  near  Jones  on  the  same  day  the  discharge  was 
measured  at  the  downstream  locations.  The  percent  change  in  discharge  was 
determined  between  the  downstream  segments  and  the  gage  at  Jones.  It  was 
assumed  that  discharge  was  steady  from  the  gage  at  Jones  to  the  lower  reaches 
of  Bayou  Bartholomew.  The  water  volume  (MGD)  that  occurred  at  Jones  over  the 
range  of  historic  stage  heights  was  increased  by  this  percentage  to  represent 
the  water  volume  at  downstream  reaches  of  Bavou  Bartholomew. 
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V-  APPENDIX  3:  LISTS  OF  FISH  SPECIES  THAT  OCCLR  IN  FIVE 

RIVERS  IN  NORTHEAST  LOUISIANA 

f:;/, 

•-•C- 

■K  Table  BI 

Distributional  Status  of  Fish  Species  Throughout  the  Study  Area 

N-'.V.' 

Common  Species 

Uncommon  Species  | 

Spotted  gar 

Southern  brook  lamprey 

Goldstripe  darter 

Longnose  gar 

Chestnut  lamprey 

Speckled  darter 

»  *” 

Shortnose  gar 

Shovelnose  sturgeon 

Redfin  darter 

’  V." 

►  . 

Bowf in 

Paddle f ish 

Logperch 

VT- 

Gizzard  shad 

Alligator  gar 

Channel  darter 

?-:■> 

Threadfin  shad 

Skipjack  herring 

Blackside  darter 

Grass  pickerel 

Goldeve 

Saddleback  darter 

jpp 

Chain  pickerel 

Mooneye 

Dusky  darter 

V.  ✓ . 
V  V 

Carp 

Stoneroller 

River  darter 

Silvery  minnow 

Goldfish 

Stargazing  darter 

Golden  shiner 

Grass  carp 

Sauge  r 

Emerald  shiner 

Cypress  minnow 

Walleve 

tFN  S. 

• 

Ghost  shiner 

Speckled  chub 

Stiped  mullet 

►  .  . 

s. 

Pugnose  minnow 

Silver  chub 

Inland  silversiie 

1. ' 

Weed  shiner 

Silver  carp 

Redfin  shiner 

Pallid  shiner 

Blacktail  shiner 

Bigeye  shiner 

Mimic  shiner 

Ironcolor  shiner 

r 

Bullhead  minnow 

Southern  striped  shiner 

Lake  chubsucker 

Ribbon  shiner 

V  V 

w 

Smallmouth  buffalo 

Bluehead  shiner 

>■  > 

3igmouth  buffalo 

Longnose  shiner 

Spotted  sucker 

Red  shiner 

31ack  bullhead 

Taillight  shiner 

O 

;  Fellow  bullhead 

Sabine  shiner 

Silverband  shiner 

Channel  catfish 

»  .  »" 

Flathead  catfish 

Steelcolor  shiner 

Tadpole  tnadtom 

Bluntnose  shiner 

Golden  topminnow 

Creek  chub 

31ackstripe  topminnow 

River  carpsucker 

• 

Mosquito  fish 

Ouillback 

k-v„ 

Pirate  perch 

Blue  sucker 

White  bass 

Highfin  carpsucker 

Flier 

Creek  chubsucker 

K-  s'  Green  sun  fish 

Golden  redhorse 

W\V. 
0-  V 

.  Warmout'n 

Blacktail  redhorse 

• 

Grangespotted  sunfish 

Blue  catfish 

ly/ 

Bluegill 

3rown  bullhead 

V*  > 

1  Dollar  sunfish 

Brindled  madtom 

V.v 

■  Longear  sunrish 

Freckled  madtom 

v,-" 

Redear 

Brown  madtom 

ft: 

(Continued) 
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Table  B 1  {Cone  luded  ' 


Common  Species  L*r.  common  Species 


Spotted  sunfish 

American  eel 

Bantam  sunfish 

Yellow  bass 

Spotted  bass 

Crystal  darter 

Largemouth  bass 

Western  sand  darter 

White  crappie 

Scaly  sand  darter 

Black  crappie 

Hud  darter 

Bluntnose  darter 

Creole  darter 

Cypress  darter 

Swamp  darter 

Drum 

Slough  darter 

Brook  siiverside 

Harlequin  darter 

Table  B2 

List  of  Fishes  of  Bavou  Bartholomew  Drainage* 


Name 

Scientific  Name 

Occurrence 

Spotted  gar 

Zepiscsteus  oculztus 

common 

Lor.gnose  gar 

Zepiscsteus  csse-^s 

common 

Shortnose  gar 

Zeviscsteus  v  late  sterns 

common 

Bowf in 

*  /-»  "  rt 

.  -  -  —  -4  U4 

common 

Gizzard  shad 

I  ore  3 o7*'.  o.  ecoo  o’  ro 

abundant 

Threadfin  shad 

Z  y^-scrc  v^t p '-se 

uncommon 

Mooneye 

Zicdsr  tergisus 

ur.c  ommon 

Grass  pickerel 

•  g  yi’i  ’  O’  Y»r**  •  -ly  -»  -» 

c  ommon 

Chain  pickerel 

Is ox  rigee 

common 

rarp 

"'vryv  y 

uncommon 

Cypress  minnow 

Zu l  ogr.a thus  h cu i 

common 

Silvery  minnow 

Hybcanatkus  ruchalis 

common 

Speckled  chub 

Zubov  sis  aestivalis 

abundan  t 

Silver  chub 

Zubov  sis  stcrer-ar.cz 

unc  ommon 

Golden  shiner 

Zoterigor.us  cruscleuczs 

abundant 

Pallid  shiner 

Zotrcvis  arris 

c  ommon 

Emerald  shiner 

Zotrcvis  atherir aides 

abundant 

Bigeye  shiner 

Zctrovis  boevs 

rare 

Ghost  shiner 

Zotrcvis  buchariar.i 

common 

Ironcolored  shiner 

Zctrovis  chalybaeus 

common 

Southern  striped  shiner 

Zotrcvis  chru socevhclus  isclev-.s 

rare 

Pugnose  minnow 

Zc  trevi s  erzi  l  ice 

abundant 

Pibbon  shiner 

Zotrcvis  fzur.eus 

abundant 

Bluehead  shiner 

Zc trap is  hub b si 

uncommon 

Red  shiner 

Zctrovis  lutrersis 

c  ommon 

Taillight  shiner 

Zctrovis  rarulatus 

abundant 

Weed  shiner 

y *  s  teccceizts 

abundant 

Redfin  shiner 

Zc trepis  unbraii l is 

abundant 

31acktail  shiner 

Zctrovis  ver.ustus 

abundant 

Mimic  shiner 

Zo trevi s  vo luce l l us 

abundant 

Steelcolor  shiner 

Zctrovis  whivv" ei 

rare 

Bullhead  minnow 

Zinevhales  vigilaaz 

abundant 

River  carpsucker 

r ' avnoeocLs s  0/zT7ei'0 

c  ommon 

Cui llback 

Carviod.es  cyvr-r.us 

rare 

Highfin  carpsucker 

Zcrviodes  velifer 

rare 

Blue  sucker 

Cyclevtus  elor.gatus 

rare 

Creek  chubsucker 

Zrirup.cr  cblongus 

abundan  t 

Lake  chubsucker 

I joox] 'j  z  Fi4.ee  tie 

rare 

Smallmouth  buffalo 

Zcticbus  bubalus 

common 

oigmouth  buffalo 

Zo*-cbus  cyvr-r.e"  lus 

c  ommon 

Black  buffalo 

Zcticbus  doer 

unc  ommon 

(Cont inuedl 

*  Species  list  compiled  from  an  examination  of  hi, OSS  specimens  taken  from. 
189  collections  at  41  locations. 


Table  B2  (Continued) 


Name 

Scientific  Name 

Occurrer. 

Spotted  sucker 

LftKU  7ve nc  '"t,  l  CK37  S 

abundant 

Golden  redhorse 

•  -  o  T  w.  nc  c"  2 v- r .  VU  V*.<V~ 

rare 

Blacktail  redhorse 

■  S  7C  no.  V  £  e  w  t  ^Ui‘  UV 

rare 

Blue  ca t f ish 

1  azalurus  jicrcazus 

common 

31ack  bullhead 

iatalums  re  las 

u  ncommon 

Yellow  bullhead 

I  j.z  cl uvu c  y:czc  l  is 

common 

Channel  catfish 

-  —  -  -v  ^  U.  Ta.  O  k.  v  -1C 

abundant 

Tadpole  madtom 

j : urus  aprirus 

common 

Freckled  madtom 

.Vo  r UVU 3  KO‘J  ZU  :  *>: ;4  3 

abundant 

Flathead  catfish 

~  ^  ^  ^  U  -  ^  C  ^  IS  W*  1  w  O 

uncommon 

American  eel 

kjtu ills,  vc st vc. zc 

rare 

Golden  topminnow 

7'aKcuIus  chvusszus 

common 

Blackstripe  topminnow 

J*  -A.  ^  U  S  >- 

uncommon 

Starhead  topminnow 

C  tUc  Kl,  ZZZ 

uncommon 

Blackspotted  topminnow 

j  ut.cu <*us  c  ^zvcceus 

abundant 

Mosquito  fish 

lore usia  ajf ik is 

abundant 

Pirate  perch 

A p n rede de ru s  s  ay  anus 

abundant 

White  bass 

y.ovcKe  j'lri fseps 

uncommon 

Yellow  bass 

Xcrcne  rississipp ieKS is 

uncommon 

Flier 

Se  n  1 varohus  raarop  ze  rue 

uncommon 

Green  sunfish 

~ e pont s  cucyie  * UJ 

c  otmnon 

Warmouth 

IpL/ntS  JliuGcUc 

common 

Orangespotted  sunfish 

—events  hunt  ^ z s 

abundant 

Bluegiil 

_  event 3  naaraan zms 

abundant 

Dollar  sunfish 

1  events  navginezus 

common 

Longear  sunfish 

— events  neac~czts 

common 

Redear  sunfish 

Levants  ntova  ~cvhus 

uncommon 

Spotted  sunfish 

leper  is  punazazus 

common 

Bantam  sunfish 

lepcrr.is  same  zriaus 

common 

Spotted  bass 

yea  rep  terns  puejzu la: us 

u  *  1  w  n mm o n 

largemouth  bass 

y.zcrep  terns  sa  Ir.c i  we 

common 

White  crappie 

lerexis  annularis 

uncomnc n 

Black  crappie 

it/a.  r-  W  a  -  ,UC  <  _  -<c 

common 

Banded  pigmy  sunfish 

c  ^assena  .t”. 

abundant 

Crystal  darter 

A  ’tr;cc*ry  r  r c  war  .“e  , _  _ 

rare 

Western  sand  darter 

A.m.ccrypza  a^ava 

rare 

Scaly  sand  darter 

Amoar-jpza  aivax 

unc  omm.c  r. 

Mud  darter 

1'znees zona  aspx-taeyn 

common 

3iuntnose  darter 

• —  o  tp  w  Gw  -  no*  ~  ~  7  a  ct’  u 1  •  t. 

a  b  u  r.  d  a  n  t 

Swamp  darter 

ilznesstom  j  us  ij’arne 

uni  onuDon 

Slough  darter 

~Z'.c  „  371  nc  j  vc  a :  - 

commcn 

Harlequin  darter 

£  z  fie  a  3  z  a  nc  v.  i  s  ~ :  * ; 

abundant 

Goidstripe  darter 

y.zr'.e.  3 1 ana  r 

rare 

Cypress  darter 

ZKttosz^r.x  prce^i  :r\ 

c  0  mm 1 ; 

SpecKled  darter 

.  zkezszma  .* :  zanaeur 

uncommon 

(Continued) 
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Table  BC  (Concluded) 


Name 

Scientific  Name 

Occurrenc 

Redfin  darter 

z~heastcra  ishizz it  _ 

common 

Logperch 

~ev-jir.z 

uncommon 

Blackside  darter 

Fercinz  ^azulzzz 

uncommon 

Saddleback,  darter 

i-evcinc.  cucuh  i  zze 

uncommon 

Dusky  darter 

y'^a  $  * ji  w~» 

common 

River  darter 

ft  kj.  sr:i</r:2,::z 

common 

Stargazing  darter 

-  £Y>c',*y.j.  1a.  z-  ^ '■* 

rare 

Freshwater  drum 

-Irf :diKczus  g^r.niens 

common 

Brook  silverside 

abundant 

Sheet  j  of 


Table  B3 

List  of  Fishes  of  the  Bavou  Macon  Drainage* 


Name  Scientific  Name  Occurrer.c 


Spotted  gar 

—  e  0  toL-  o  Z0U3  GCUOdZUS 

uncommon 

Shortnose  gar 

—eozsc szeus  p  udzoszomus 

c  o  mmo n 

Gizzard  shad 

loro soma  aepediar.zr 

abundant 

Grass  pickerel 

Escx  cr.eviaar.us  vevmiauiazus 

common 

Carp 

lypvinus  carpic 

common 

Silvery  minnow 

Eybogrnzhus  nuahalis 

uncommon 

Speckled  chub 

. .  c«  o  ^  o  ae  s  ^ ^ ^ 

uncommon 

Goiden  shiner 

..  o  zemz  gonus  ovusc  as 

common 

Emerald  shiner 

Ec  o  >  >op  is  erne  vino  i  be  3 

uncommon 

Ghost  shiner 

Eozvopis  cuahanani 

common 

Red  shiner 

j  . .  *  v  ^  -  * 

.  .  ' '  .  .  \ '  i — c  o  .<  -  -  -  o  ..  o 

common 

Redfin  shiner 

l.zvopis  unb2,aTilis 

common 

Blacktaii  shiner 

.i  v  .  it  K 

common 

Mimic  shiner 

aozvopzs  o o *uoe  1. sUc 

uncommon 

Bullhead  minnow 

Fimephales  vigilax 

abundant 

Lake  chubsucker 

Evir.yzcn  sucezza 

uncommon 

Smallmouth  buffalo 

^oz^obus  cuca  zus 

common 

Bigmouth  buffalo 

lozicbus  aypvinellus 

common 

Black  buffalo 

loziobus  nicer 

uncommon 

Yellow  bullhead 

lotalurus  nazeiis 

common 

Channel  catfish 

baza  lams  pur.czazus 

common 

Tadpole  madtom 

Eozurus  eg  virus 

common 

Freckled  madtom 

Ec  zuvus  noc  zumus 

rare 

American  eel 

Anguilla  veszvaza 

uncommon 

Golden  topminnow 

Fundulus  akvusotus 

uncommon 

Starnead  topminnow 

Fundulus  ncZZi 

uncommon 

Blackspotted  topminnow 

f  UClist-U  .U&  is’  s  . 

abundant 

Mosquito  fish 

iambus i a  affirms 

abundant 

Pirate  perch 

nprivecoaeiZstS  say  anus 

uncommon 

Green  sunfish 

lepomis  ayanellus 

common 

Warmou t  h 

e  ^orj  s  gu  iss  o  ixo 

common 

Orangespotted  sunfish 

lepomis  hir.il is 

common 

Biuegill 

lepomis  maovcokivus 

abundant 

Dollar  sunfish 

lepcmis  mavginazus 

abundant 

Longear  sunfish 

lepomis  megalczis 

abundan  t 

Spotted  sunfish 

lepomis  punezazus 

uncommon 

Bantam  sunfish 

lepomis  syrrezricus 

uncommon 

Largemouth  bass 

Eicropterus  salmoidcs 

common 

White  crappie 
Black,  crappie 
Banded  pigmy  sunfish 
Freshwater  drum 
Brook  silverside 


t-omcxzs  ar.nui.arzs 
Fomcxis  nigvcmaaulazu. 
Elis  soma  zonazun 
A o  l cd inozus  q rurr. ien c 


Species  list  compiled  from  an  examination  of  2,1*0  specimens  taken  trom 
id  collections  at  il  locations. 
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Table  B4 

List  of  Fishes  of  the  Big  Creek  Drainage* 


Scientific  Name 


Occurrence 


Spotted  gar 

—  <Z-  S  -'Oo  O  wS  isiO  ^  SLi.  x  S  -  US 

common 

Longnose  gar 

iepiscszeus  esseus 

uncommon 

Bowf in 

»  •  f 

‘-rr'‘'%  Cl  i'  Z-1*  jl 

uncommon 

Gizzard  shad 

Zepcsena  eepedianur. 

abundant 

Threadfin  shad 

Zcressna  pezeKer.se 

common 

brass  pickerel 

Zscx  eneriear.us  ve  miaul  ecus 

common 

Chain  pickerel 

I sex  riper 

uncommon 

Carp 

Zy p pi >:us  carp i s 

common 

Silvery  minnow 

IZybegnazkus  nuaha lis 

common 

Speckled  chub 

~<e  ^  is  Is  L4.  Is  Z  C 5 

common 

Golden  shiner 

Zotemigcnus  oryscleueas 

common 

Emerald  shiner 

Zozrcpis  athe pine  ides 

common 

Ghost  shiner 

! iozrcpis  buehancr.i 

common 

Pugnose  minnow 

GY trepis  eniliae 

common 

Red  shiner 

dezropis  lu.zrer.sis 

abundant 

Weed  shiner 

dozropis  zexar.us 

uncommon 

Redfin  shiner 

dazropis  urlcrazilis 

common 

Blacktail  shiner 

GY  zropis  verus zus 

common 

Mimic  shiner 

.V ctropis  vcluaellus 

common 

Bullhead  minnow 

Finepnales  vigi lax 

common 

Lake  chubsucker 

Frinyzcr  sucezza 

uncommon 

Smallmouth  buffalo 

leziobus  bubalus 

common 

Bigmouth  buffalo 

leziobus  ayprinellus 

common 

Yellow  bullhead 

lazalurus  natalis 

uncommon 

Channel  catfish 

- c ze s upus  punczazus 

common 

Tadpole  madtom 

u o  Ls L>cPfo&  gy  penuo 

uncommon 

Brown  madtom 

do  turns  phaeus 

rare 

Golden  topminnow 

Funaulus  ehrysotus 

uncommon 

blackspotted  topminnow 

Fundulus  oiivaeeus 

common 

Mosquito  fish 

Jambusia  af finis 

abundant 

Pirate  perch 

Aphredoderus  sayanus 

common 

Flier 

Cenzrarahus  macropzem<.s 

uncommon 

Green  sunfish 

^epems  ayanez^us 

common 

a  a rmo  ut  h 

^  e  z  e  r  ^  o  xu  i.  o 1  o  ^  o 

common 

Crangespotted  sunfish 

lepor.zs  nunz „ is 

common 

3  luegi  i.  1 

Lepcnis  raorcenirus 

abundant 

Dollar  sunfish 

_ eponis  rargirezus 

common 

! ongear  sunfish 

leroris  negaiozis 

abundant 

R e c e a r  sunfish 

letorzis  rierolcphus 

uncommon 

Spotted  sunfish 

lepcnis  punezazus 

uncommon 

3a n cam  sunfish 

leporis  symezrieus 

uncommon 

Largemouth  bass 

:  er.p  zerus  sc  Ire  i des 

common 

(Continued) 

Species  list  compiled  from  an  examination  or  .3,069  specimens  taken 
9  collections  at  18  locations. 
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Table  B4  (Concluded) 


tm 


White  crappie 
Black  crappie 
Banded  pigmy  sunfish 
Scaly  sand  darter 
Bluntnose  darter 
Cypress  darter 
Freshwater  drum 
Brook  silverside 


_ Scientific  Name 

Fomoxis  annularis 
Fcr.cxis  nigrenaaulatus 
Elassona  zonaiun 
Amc-arypta  vivax 
Ezhec sterna  aklcrcsonun 


Occurrence 


uncommon 

uncommon 

uncommon 

abundant 


:ona  vrcei 


npu^azr.c 


rrunmens 


I 


Scientific  Name 


Occurrence 


Spotted  gar 

~episoszeus  ocnlatus 

abundant  i 

Shortnose  gar 

30  *1,303  VOTa.3  0  i-OTO'S  ZC rOZc 3 

J 

common  „j 

Gizzard  shad 

.  ^rcscna  cepedianun 

abundant  i 

Grass  pickerel 

Fsox  are ri conus  vemicula tns 

H 

common  4 

Chain  pickerel 

2 SCX  KtOOF 

common  j 

Carp 

Gyprinus  carpi c 

common 

Silvery  minnow 

Hybognatnus  nuchalis 

common  *, 

Golden  shiner 

iiozenigenus  ary  sciences 

common  } 

Emerald  shiner 

iiotropis  atnerincic.es 

common  ^ 

Ghost  shiner 

iiotropis  buchanani 

common  j 

Weed  shiner 

.'i'otropis  t exanus 

common 

Redfin  shiner 

iiotropis  wvbratilis 

common  , 

Blacktail  shiner 

iiotropis  venus tus 

abundant  ' 

Mimic  shiner 

iiotropis  vciuceilus 

uncommon 

Bullhead  minnow 

Finepkales  vigiiax 

abundant 

Lake  chubsucker 

Frinyzon  sucetta 

common  J 

Smallmouch  buffalo 

Fcticbus  bubalus 

common  - 

Bigmouth  buffalo 

Lctiobus  cyprineilus 

common 

Yellow  bullhead 

Ictalurus  nataiis 

common 

Channel  catfish 

Ictalurus  punctatus 

common  ] 

Tadpole  madtom 

Ho  turns  gyrinus 

uncommon  ' 

Golden  topminnow 

Fundulus  ehrysotus 

common  1 

Blackstripe  topminnow 

Fundulus  notatus 

uncommon  1 

Starhead  topminnow 

Funaulus  netti 

uncommon  { 

Blackspotced  topminnow 

Fundulus  olivaceus 

common  ) 

Mosquito  fish 

Ganbusia  affinis 

abundant  ' 

Pirate  perch 

Aphredoderus  sayanus 

uncommon 

Green  sunfish 

Lepcnis  cyanellus 

common  '• 

W’armouth 

lepomis  gu^esus 

common  ! 

Orangespotted  sunfish 

Leponis  humilis 

common 

Bluegill 

Lepcnis  nacrochirus 

abundant 

Spotted  sunfish 

Leponis  punctatus 

uncommon 

Bantam  sunfish 

Lepcnis  syrmetricus 

uncommon 

Black  crappie 

Fonoxis  nigronacu^atus 

common  1 

Banded  pigmy  sunfish 

Flassona  zenatun 

common  i 

Bluntnose  darter 

Ftheostona  cklorcscnur, 

common  ] 

Cypress  darter 

Ftheostona  p roe  Hare 

common 

Brook  silverside 

l^abidesthes  sicculus 

abundant 

1 

*  Species  list  compiled  from  an  examination  of  2,179  specimens  taken  from 
23  collections  at  16  locations. 
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Name 

Scientiiic  Name 

Occurrence 

Spotted  gar 

- 'ioOS  Z€- US 

common 

Shortnose  gar 

S  t£l<3  P  ~Cl  PCS  PCKiiiS 

common 

Bowf in 

nf~l  1Z  Gd  »»  V d 

common 

Gizzard  shad 

lore  sera  oevediar.ur 

uncommon 

Threadfin  shad 

1  ores  era  peter.er.se 

uncommon 

Goldeye 

Etc  dor.  xlcsoices 

uncommon 

Grass  pickerel 

Esox  xr.erioir.us  temioulczus 

common 

Chain  pickerel 

Esox  riper 

common 

Carp 

Syprir.us  ccrpio 

common 

Cypress  minnow 

xycognatnus  hayi 

uncommon 

Silvery  minnow 

Eybognatkus  nucha l is 

abundant 

Speckled  chub 

.zu  bop  sis  gbs  pzvg.  *  z  s 

uncommon 

Golden  shiner 

'■otenigor.us  cryscleuccs 

abundant 

Pallid  shiner 

dot  rep  is  amis 

rare 

Emerald  shiner 

dotrepis  atkerincic.es 

abundant 

Ghost  shiner 

d strop  is  buckcnar.i 

common 

Pugnose  minnow 

d ctropis  eriiiae 

common 

Ribbon  shiner 

detrovis  fur, e us 

uncommon 

Red  shiner 

detrovis  lutrensis 

abundant 

Taillight  shiner 

dotrepis  maculatus 

uncommon 

Weed  shiner 

dotrepis  texanus 

common 

Redfin  shiner 

dotropis  urbratilis 

common 

Blacktail  shiner 

do  trap  is  venus tus 

abundant 

Mimic  shiner 

do  trap  is  vclucellus 

common 

Bullhead  minnow 

Finepkales  vigilax 

abundant 

Creek  chubsucker 

Eriryzon  oblongus 

uncommon 

Lake  chubsucker 

Eriryzon  sucetta 

uncommon 

Smallmouth  buffalo 

Ictiobus  bubalus 

common 

Bigmouth  buffalo 

Ictiobus  cyprinellus 

common 

Black  buffalo 

Ictiobus  niger 

uncommon 

Blue  catfish 

Ictaiurus  furcctus 

rare 

Black  bullhead 

Ictalurus  nelas 

uncommon 

Yellow  bullhead 

Ictaiurus  natalis 

common 

Brown  bullhead 

Ictalurus  r.ebulosus 

rare 

Channel  catfish 

Ictaiurus  punctatus 

abundant 

Tadpole  madtom 

doturus  gyrinus 

uncommon 

Freckled  madtom 

doturus  nocturr.us 

rare 

Flathead  catfish 

Py lodictis  olivaris 

rare 

Golden  topminnow 

Funaulus  ckrysctus 

common 

Blackstripe  topminnow 

c  ak^ia IsTaS  ko  ucz  wiio 

common 

Starhead  topminnow 

2*  liKGli  u'uiS  KG  Wl* 

uncommon 

Blackspotted  topminnow 

I"  aKCJIa.  uia.S  G  u  P  G  CLGBXA.S 

common 

Mosquito  fish 

Icrbusia  affir.is 

abundant 

(Continued) 

*  Species  list  compiled  from  an  examination  of  15,844  specimens  taken  from 
97  collections  at  27  locations. 
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Table  B6  (Concluded) 


Ur. 

Lr. 

>. 

L- 

ft 

1 

r. 

j*. 


I 

\ 

r. 

I 


Same 

Scientific  Name 

recurrent 

PiraCe  perch 

Avkredcdems  saoxt.us 

uncommon 

White  bass 

y.orone  ohrusovs 

uncommon 

Yellow  bass 

'■■'.or  one  mississivviensis 

uncommon 

Flier 

Green  sunfish 

Warmouth 

SeKzrarchus  rajropteruj 

-  £pC7*tZ"3  'Jp CZK&  z  i*US 

'fir 1-7  ^  -»}  7  '  •»  i 

•  *✓  O  -.K^wOvtO 

rare 

common 

common 

Orangespotted  sunrish 

w  t?  Z  ‘C'f'l  O  ^0  '^AjZ  ^  u  ^-O 

common 

Bluegill 

1  e tori s  ’".acre ck  i : r.rus 

abundant 

Longear  sunfish 

Leparis  meaalotis 

abundant 

Redear  sunfish 

Levomis  riarolcvhus 

common 

Spotted  sunfish 

Levomis  pu.net  azus 

common 

Bantam  sunfish 

Lev  arris  sgmmetriaus 

rare 

Spotted  bass 

yiorcvterus  punotulctus 

common 

oargemouth  bass 

Miarovterus  sair.oid.es 

common 

Uhite  crappie 

Fonoxis  annularis 

uncommon 

Black  crappie 

For, axis  nia ronaculatus 

common 

Banded  pigmy  sunfish 

E las  soma  zonatun 

common 

Scaly  sand  darter 

Amcerypta  vivas 

uncommon 

Mud  darter 

Etkeo stoma  asprigene 

rare 

Bluntnose  darter 

Etheostoma  chlorcscrrrur, 

common 

Swamp  darter 

Etkeostona  fusi forme 

uncommon 

Slough  darter 

E thee stoma  gracile 

uncommon 

Cypress  darter 

Etkeo stoma  proeliare 

uncommon 

River  darter 

Fercina  shumardi 

rare 

Freshwater  drum 

Aplodinctus  grur.niens 

abundant 

Brook  silverside 

Labidesthes  siaoulus 

abundant 

31  1 
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